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57 ABSTRACT 

A variable-geometry nozzle for a jet engine is of the 
type which comprises a fixed structure, flaps adjust 
able in position with respect to the fixed structure, and 
control means for adjusting the position of the flaps. A 
plurality of swivelling frames are arranged around the 
circumference of the nozzle and are separately hinged 
to the fixed structure for pivotal adjustment about 
axes perpendicular to the longitudinal direction of the 
nozzle. The control means comprise jacks operable to 
pivot the frames about their respective axes, and the 
adjustable flaps are connected to the frames. The flaps 
comprise, in resect of each frame, two flaps each of 
which is hinged to the corresponding frame for posi 
tional angular adjustment with reference to that frame 
about an axis which has a component perpendicular to 
the pivotal axis of the frame concerned. 

12 Claims, 16 Drawing Figures 
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WARIABLE-GEOMETRY NOZZLE FOR A JET 
ENGINE 

This invention relates to a variable-geometry nozzle 
for a jet engine, the nozzle being of the type which 
comprises a fixed structure, flaps adjustable in position 
with reference to the fixed structure, and control 
means for adjusting the position of the flaps. As is com 
monly known, such nozzles are used to achieve the op 
timum adaptation of a jet engine to a wide range of 
flight conditions. 
One mandatory condition which a commercial jet 

driven aircraft must observe is that its jet engines emit 
a minimum of noise at low altitudes, more especially in 
the course of take-off and landing, and likewise in the 
fly-over phase (a climb at full thrust followed by a re 
duction of thrust as soon as the aircraft has reached a 
safe height). 
Various devices have already been proposed which 

achieve a reduction in the noise emitted by the jet-flow 
leaving a jet engine. These noise-reducing devices gen 
erally comprise special accessory parts which project 
into the said jet-flow, the contour of which they so 
modify as to increase the surface where this jet-flow 
mingles with the surrounding air. 
These known devices, however, have the drawback 

that they bring about quite considerable losses in 
thrust, and it is therefore essential that they should be 
capable of retraction from the jet-flow as soon as their 
use is no longer necessary, a point which complicates 
the design and control of the nozzle. 

In a general way, the present invention aims at pro 
viding a propulsion nozzle able, without the assistance 
of any accessory part, greatly to reduce the noise made 
by the jet-flow as it leaves a jet engine during take-off 
(or landing) phases and during fly-over phases, while 
still subsequently providing optimum thrust in all the 
other flight phases of the aircraft. 
The invention also has the aim of providing an ex 

haust nozzle able selectively to reduce the noise emit 
ted by the jet-flow in two given directions, namely in 
the horizontal plane of symmetry of the nozzle, during 
the take-off (or landing) phase, and in the vertical 
plane of symmetry of the nozzle during the fly-over 
phase. 
According to the invention a variable-geometry noz 

zle, of the type which comprises a fixed structure, flaps 
adjustable in position with reference to the fixed struc 
ture, and control means for adjusting the position of the 
said flaps is notable in that it comprises, arranged on its 
periphery, at least two swivelling frames, each of which 
frames is hinged to said fixed structure in such a way 
as to be able to undergo angular adjustment in its posi 
tion with reference to the fixed structure through rota 
tion about an axis perpendicular to the longitudinal di 
rection of the nozzle; in that said adjustable flaps are 
connected to swivelling frames and comprise, in re 
spect of each frame, two actuated flaps each of which 
is itself hinged to the said frame in such a way as to be 
able to undergo angular adjustment in position with ref. 
erence to said frame through rotation about an axis 
which possesses a component perpendicular to the axis 
of rotation of the frame; and in that the control means 
for the flaps comprise motor means, such as jacks, to 
cause each of said frames to turn with reference to the 
said fixed structure, 
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2 
According to a preferred embodiment of the inven 

tion, the swivelling frames are distributed around the 
periphery of the nozzle and are at least equal to four in 
number. They are preferably even in number and are 
arranged so that the axes of rotation of two oppositely 
situated frames, on either side respectively of a longitu 
dinal plane of symmetry of the nozzle, are parallel to 
each other. 
According to one arrangement applicable in this 

case, the adjustable flaps comprise, in respect of each 
frame, three actuated flaps, namely a middle flap rig 
idly attached to the said frame and two side flaps which 
enframe the middle flap and are hinged to the frame, 
the arrangement being such that each side flap hinged 
to a frame is peripherally adjacent to a side flap hinged 
to the neighbouring frame. Peripherally adjacent side 
flaps are preferably inter-linked in their downstream 
portion by hinge means. 
According to another embodiment of the invention, 

the swivelling frames are two only in number and are 
arranged oppositely, on either side respectively of a 
longitudinal plane of symmetry of the nozzle, in such a 
way that their respective axes of rotation are parallel to 
each other. In this case, the control means for the flaps 
also comprise motor means to cause each of the flaps 
to turn with reference to the frame to which it is 
hinged. 
According to an arrangement applicable in this case, 

two actuated flaps which are peripherally consecutive 
and are hinged to one or other of the two swivelling 
frames, respectively, are inter-linked by hinge means in 
such a way that one can turn in relation to the other 
about an axis which is virtually parallel to the respec 
tive axes of rotation of the said frames. The motor 
means to cause each of the flaps to turn with reference 
to the frame to which it is hinged, then comprise a 
motor device, such as a jack, which is associated with 
each group of two consecutive actuated flaps hinged to 
one or other of the said swivelling frames respectively, 
and which has one part integral with the said hinge 
eaS, 

The invention applies more particularly to the case in 
which the fixed nozzle structure comprises a duct tra 
versed by a gaseous flow, the said duct being termi 
nated by a downstream edge. According to one ar 
rangement of the invention applicable in this case, the 
adjustable flaps may, under the action of the afore 
mentioned control means, take up an open position in 
which their upstream edge comes virtually into contact 
with the downstream edge of the said duct, the flaps 
then forming a downstream extension of this duct, and 
a closed position in which their upstream edge is at a 
distance from the downstream edge of the duct, in such 
a way as to define a passage through which a flow of at 
mospheric air (sometimes designated by the expression 
"tertiary airflow") is able to penetrate the said gaseous 
efflux. 
As will be seen hereinafter, a nozzle thus equipped 

makes it possible to achieve a selective noise reduction 
which is at its maximum in the horizontal plane of the 
nozzle during the take-off and landing phases, and also 
at its maximum in the vertical plane of symmetry of the 
said nozzle during the fly-over phase of the aircraft. In 
addition to its noise-reducing effect, this nozzle renders 
possible a selective supply of tertiary air, either mainly 
through or entirely through the upper and lower planes 
of the nozzle during take-off or landing, either mainly 
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through or entirely through the lateral planes of the 
nozzle in the fly-over phase, or past the entire periph 
ery of the nozzle when at subsonic cruising speed. 
The following description, with reference to the ac 

companying drawings and given by way of non 
limitative example, brings out how the invention may 
be put into effect, In the drawings: 
FIG. 1 is a longitudinal sectional view, taken along 

the line I-I in FIG. 3, of a variable-geometry nozzle ac 
cording to a first embodiment of the invention, the noz 
zle being shown in the completely open position; 
FIG. 2 is a view similar to that in FIG. 1, but here the 

nozzle is in partly closed position; 
FIG. 3 is a cross-sectional view, taken along the line 

III-III in FIG. , of the nozzle illustrated in FIG. ; 
FIG. 4 is a part sectional view, taken along the line 

IV-IV in FIG. 3, of the nozzle shown in FIG. 3; 
FIG. 5 is a part sectional view, taken along the line 

V-V in FIG. 4, of the nozzle shown in FIG. 4; 

O 

15 

4. 
a corresponding bracket 6 by a bell joint 7. As is shown 
in FIG. 3, each of the frames is thus hinged to the fixed 
structure 3 and may be adjusted angularly in position 
with reference to the fixed structure by rotation about 
an axis perpendicular to the longitudinal direction 
X'-X of the nozzle. The axes of rotation of the four 
frames 101, 102, 103, 104 are respectively denoted by 
Ai-A1, A2-A2, As-A3, A4-A4, and it will be seen that the 
axes of rotation (such as A1-A1 and Aa-As) of the two 
frames (such as 101 and 103) which are oppositely sit 
uated on either side respectively of a longitudinal plane 
of symmetry of the nozzle are parallel to each other, 
and that two non-parallel axes, such as A1-A and A 
A4, meet at a point O. 
With each of the swivelling frames 101, 102, 103, 

104 there is associated motor means, such as a control 
jack V1,V2, V3 or V4, which has a rodt, t, ta or t the 
end of which is hinged to the corresponding frame. It 
is therefore sufficient, to make a frame, such as 101, 

FIG. 6 is a fractional view, looking in the direction of 20 turn about its axis Ai-Ai, to actuate the corresponding 
the arrow VI in FIG. 4, of the nozzle shown in FIG. 4; 
FIG. 7 is a diagrammatic view similar to FIG. 3 and 

showing a modification of the first embodiment of the 
invention; 
FIG. 8 is a diagrammatic view similar to FIG. 3 and 

showing a second modification of the first embodiment 
of the invention; 
FIGS. 9, 10, 11 and 12 provide diagrammatic illustra 

tions in cross-section of the various shapes which may 
be given to the exhaust section area of an improved 
nozzle in accordance with the invention; 
FIG. 13 is a view in longitudinal section, taken along 

the line XIII-XIII in FIG. 15, of a variable geometry 
nozzle in accordance with a second embodiment of the 
invention, the nozzle being shown in a completely open 
position and the inner wall of the nozzle being assumed 
to be transparent; 
FIG. 14 is a side elevation view, looking in the direc 

tion of the arrow XIV in FIG. 15, of the same nozzle; 

FIG. 15 is a cross-sectional view, taken along the line 
XV-XV in FIG. 13, of the nozzle illustrated in FIG. 
13, and 
FIG, 16 is a plan view, looking in the direction of the 

arrow XVI in FIG. 15, of the nozzle shown in FIG. 15, 
here the upper wall of the said nozzle being assumed to 
be transparent. 
FIGS. 1 to 6 refer to a first embodiment of the inven 

tion and in these figures the general reference numeral 
1 denotes an exhaust assembly for a jet propulsion en 
gine. This exhaust assembly is of the type known as 
"composite' or "ejector," comprising at the least a 
primary jet-pipe (not shown) traversed by a primary 
gaseous flow F and terminating in a secondary nozzle 
2. This secondary nozzle will in the following part of 
the description be designated simply by the term "noz 
zle.' 
The nozzle 2 comprises, more especially, a fixed 

structure 3 which bounds a duct 4 traversed by a flow 
of secondary air F2, the duct 4 terminating a down 
stream edge 5. The fixed structure 3 is extended in the 
downstream direction by means of brackets 6 spaced 
apart peripherally. 
On the periphery of the nozzle 2 there are arranged 

four swivelling frames 101, 102, 103, 104, each one 
constituted by a hoop each end of which is hinged to 
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jack V. It is advantageous - though this is not manda 
tory - that the jacks V and V3 should be mutually syn 
chronized, and similarly the jacks V, and V. 
To each swivelling frame, such as 101, there are con 

nected three actuated flaps, namely a middle flap 201a 
and two side flaps 201b, 201c, the latter two enframing 
the middle flap. The middle flap 201a is rigidly fixed to 
the frame 101, for example by bolt means, by riveting 
or by welding, as indicated by the reference numeral 8 
in FIG. 1 in respect of the frame 103. 
Each of the side flaps 201b, 201c is hinged to the 

frame 101 by means of a pin 9 so as to be capable of 
angular positional adjustment with reference to the 
frame by rotation about an xis B1 (C) which has one 
component perpendicular to the axis of rotation Al-A 
of the frame. In the example shown in FIG. 3, the axes 
B and C are perpendicular to the axis A1-A, but this 
arrangement is not mandatory, as will be seen hereinaf 
ter. 

In a similar manner, the reference numerals 202a, 
203a and 204a have been used to denote the middle 
flaps rigidly fixed to the frames 102, 103 and 104 re 
spectively, and the reference numbers 202b (202c), 
203b (203c) and 204b (204c) to denote the side flaps 
hinged to the frames so as to be able to turn about axes 
B2 (C), Ba (Ca) and B4 (CA) respectively. 
As shown in FIG. 3, each side flap (such as 201b) 

hinged to an swivelling frame (such as 101) is peripher 
ally adjacent to a side flap (such as 204c) hinged to a 
neighbouring frame (such as 104). It will also be ob 
served that the axes B1 and Ca have the same geometri 
cal support, as do the axes C and Ba B and C, and 
C and B4. It will finally be noted that two axes (such 
as B1 and C) associated respectively with two side flaps 
(such as 201b and 204c) which are peripherally adja 
cent meet at the point O situated at the point of conver 
gence of the axes of rotation (such as A-A and A-A) 
of the frames (such as 101 and 104) to which the flaps 
are hinged. 
As is shown in FIGS. 4 to 6, two peripherally adjacent 

side flaps (such as 201c, 202b) are joined together, at 
their downstream part, by a swivel-type hinge 10. 

Fluid tightness between peripherally consecutive 
flaps is ensured by the mutual overlapping of these 
flaps. If, for example, the overlapping of two flaps, such 
as 201a and 201b, is taken into consideration (see FIG. 
3), it will be observed that the female portion of one of 
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the flaps (in this instance flap 201a) must have a geo 
metrical form which is that of the volume produced by 
the rotation about the axis B of the section of the flap 
201b through a plane (in this instance, the plane of 
FIG. 3) containing the said axis (a field of application 
of Guldin's theorem). 
An examination will now be made of the operation of 

the nozzle 2 just described, while also referring to 
FIGS. 9 to 2. 
On take-off of the aircraft, the jacks V and Vs are 

actuated so as to cause the swivelling frames 101 and 
103 to turn about their respective axes A-A and A 
A3. As a consequence of this movement, the middle 
flaps 201a and 203a, supported by the said frame re 
spectively, turn through the same angle and move to 
close the nozzle 2 partially along its two horizontal 
sides. According to whether the jacks V, and V4 are ei 
ther not actuated or actuated in the direction of open 
ing, the swivelling frames 102 and 104, as well as the 
middle flaps 202a and 204a, either remain immobile or 
are set to an angular open position determined by the 
optimum nozzle cross-section requirements. 
As to the side flaps hinged to the four swivelling 

frames 101, 102, 103 and 104, they turn with reference 
to the frames about their respective axes so as to main 
tain the continuity of the angular areas of the nozzle. 
In this connection, it is pointed out that in the course 
of this manoeuvre relative movement between the pe 
ripherally adjacent flaps occurs. 
The nozzle 2 thus assumes the configuration shown 

in FIGS. 2 and 9, with an oblong or flattened exhaust 
crosssection (See FIG. 9) the long side of which is vir 
tually parallel to the horizontal plane of symmetry of 
the nozzle. The jet-flow leaving the nozzle 2 is there 
fore mechanically "pinched' in a corresponding man 
ner, and it has been established that such a pinching ef 
fect is accompanied by a modification to the spatial dis 
tribution of the noise energy emitted by the jet-flow of 
such a kind that, in the horizontal plane of symmetry 
of the nozzle, the more pronounced the pinching effect 
on the jet, the greater the noise reduction in the noise 
pattern. Thus, in particular, disturbance at ground 
level owing to the noise made by the jet-flow at take-off 
is decreased. 

It will be further noted that, in this configuration, the 
upstream edge of the middle flaps 201a and 203a is at 
such a distance from the downstream edge 5 of the duct 
4 as to define passages 11 through which a flow Fa of 
atmospheric air, called "tertiary air," is able to pene 
trate through the upper and lower planes of the nozzles 
into the flow of secondary air F, so as to mingle with 
the said flow and favourably modify its pressure level. 
This air also, as is already known, plays a useful part in 
the process of reducing the noise produced by the jet. 

During the fly-over phase, the jacks V, and V4 are ac 
tuated so as to cause the swivelling frames 102 and 104 
to turn about their respective axes A-A2 and A-A. As 
a consequence of this movement, the middle flaps 202a 
and 204a supported by these swivelling frames respec 
tively, turn through the same angle and move to close 
the nozzle 2 partially along its two vertical sides. Ac 
cording to whether the jacks V1 and V3 are either not 
actuated or actuated in the direction of opening, swiv 
elling frames 101 and 103, as well as the middle flaps 
201a and 203a, either remain immobile or are set to an 
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6 
angular open position determined by the optimum noz 
zle cross-section requirements. 
The nozzle 2 thus assumes the configuration shown 

in FIG. 10, with an oblong or flattened exhaust cross 
section the longside of which is virtually parallel to the 
vertical plane of symmetry of the nozzle. The jet-flow 
leaving the nozzle 2 is therefore mechanically pinched 
in a corresponding manner, so that now a noise 
reduction in the noise pattern is achieved in the vertical 
plane of symmetry of the nozzle. Thus, in particular, 
disturbance at ground-level owing to the noise made by 
the jet during fly-over is decreased. It will also be noted 
that, in this configuration, a flow of tertiary air is able 
to penetrate into the flow F of secondary air through 
passages (similar to the passages 11) formed through 
the side planes of the nozzle between the downstream 
edge 5 of the divergent duct 4 and the upstream edge 
of the middle flaps 202a and 204a. 

In subsonic flight, the four jacks V, V, V, V are ac 
tuated simultaneously so as simultaneously to alter the 
position of the four middle flaps 201a, 202a, 203a, 
204a. The nozzle 2 then assumes the configuration 
shown in FIG. 11, with a virtually square exhaust cross 
section, and a supply of tertiary air around its whole pe 
riphery. Thus external and internal drag effects along 
the nozzle are reduced. By way of modification, the 
four jacks could be uncoupled from the frames they 
control so as to allow the flaps to shift freely about and 
to assume a position corresponding to the balance of 
internal and external pressures on either side of the 
flaps. It will also be noted that it would be possible to 
control the jacks in a differential manner so as to obtain 
a directional effect. 
When flying in the supersonic cruise mode, the four 

jacks V1,V2, Va, V4 are actuated in such a way that the 
four middle flaps 201a, 202a, 203a, 204a are com 
pletely open. The nozzle 2 then assumes the configura 
tion shown in FIGS. 1 and 12, with an exhaust cross 
section which is homothetic to the one shown in FIG. 
11. The flaps then occupy a position in which their up 
stream edge virtually comes into contact with the 
downstream edge 5 of the duct 4, the flaps thus forming 
a downstream extension of the duct, being either 
aligned with the duct or otherwise. As the passages 11 
are then blocked, the nozzle is no longer supplied with 
tertiary air. 

It has been indicated hereinbefore that it was not 
mandatory for two converging axes, such as B1 and C, 
to be perpendicular to each other. 
FIG. 7 is a simplified diagrammatic view similar to 

FIG. 3 and specifically showing an arrangement in 
which the above-mentioned converging axes form be 
tween them an angle other than of 90°. In this figure, 
for denoting similar parts (the swivelling frames, mid 
dle flaps, hinged side flaps, axes of rotation of the 
frames and flaps) use has again been made of the same 
reference numerals as in FIG. 3. As in the case of FIG. 
3, the axes of rotation of two consecutive swivelling 
frames (for instance, the axes of rotation A1-A and 
A-A of the frames 101 and 104) and the axes of rota 
tion of two adjacent side flaps supported by the said 
frames respectively (in the present case, the axes of ro 
tation B and C of the side flaps 201b and 204c) con 
verge at the same point O. 
When FIG. 7 is examined, the special shape (an in 

verted V) given to the middle flaps 201a, 202a, 203a, 
204a will also be noted. A nozzle fitted out thus will 
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therefore in cross-section have a polygonal form with 
a large number of sides and one approaching the con 
ventional circular form. The junction of the nozzle with 
an upstream fairing arrangement having a circular 
cross-section, or with the remainder of the jet engine, 
can therefore be easily effected. 
Up to now it has been assumed that the swivelling 

frames 101, 102, 103, 104 were four in number, distrib 
uted virtually around a square. But this arrangement is 
not limitative. Thus it would be possible to conceive 
other arrangements comprising, for example, six or 
eight swivelling frames distributed virtually in accor 
dance with a hexagon or an octogon. 
FIG. 8 is specifically an illustration of an arrange 

ment comprising six swivelling frames 10, 102, 103, 
104, 105, 106, these being able to turn about axes Air 
A1, A2-A2, ... As-As, respectively. Each of these frames 
has connected to it, as described hereinbefore, three 
flaps, namely a middle flap 201a (202a ... 206a) which 
is fixed with reference to the said frame, and two side 
flaps 201b (202b . . . 206b) and 201c (202c. . . 206c) 
hinged to the said frame. The respective axes of rota 
tion of these side flaps have been denoted by the refer 
ences B1, B2, ... B6, and C1, C2, ... C. Here too it will 
be noted that, as in the case of FIGS. 3 and 7, the axes 
of rotation of two consecutive swivelling frames (for 
example, the axes of rotation A-A and As-As of the 
frames 101 and 106) and the axes of rotation of two ad 
jacent side flaps supported by the said frames respec 
tively (in the present case, the axes of rotation B1 and 
C of the side flaps 201b and 206c) converge at the 
same point O. 
FIGS. 13 and 14 relate to a second embodiment of 

the invention. In these figures, as hereinbefore the ref 
erence numeral 2 denotes a secondary nozzle with an 
axis X'-X and comprising a fixed structure 3 which 
bounds a duct 4 traversed by a flow of secondary air F2 
the duct 4 terminating in a downstream edge 5. The 
flow F surrounds in an already known manner a pri 
mary gaseous flow Femitted by a primary nozzle (not 
shown here). The fixed structure 3 is extended down 
stream by two diametrically opposite brackets 20. 
On the periphery of the nozzle there are oppositely 

arranged, on either side respectively of a longitudinal 
plane of symmetry of the nozzle, two swivelling frames 
51, 52, each of them constituted by a hoop each end of 
which is hinged to a bracket 20 by means of a ball joint 
23. As is shown in FIG. 14, each of the two frames 51, 
52 is thus hinged to the fixed structure 3 and may be 
adjusted angularly in its position with reference to the 
said fixed structure by rotation about an axis C-C (C- 
C) perpendicular to the longitudinal direction X'-X of 
the nozzle. The axes C-C and C-C are parallel to 
each other. 
With each of the two swivelling frames 51, 52 there 

is associated motor means, such as a control jack W. 
(W) which as a rods (s) the end of which is hinged 
at 50 to the corresponding frame. It is therefore suffi 
cient, to make a frame 51 (52) turn about its axis C1-C, 
(C-C), to actuate the corresponding jack W. (W2), 
To each of the two frames 51, 52 there are connected 

two actuated flaps 61, 62 (63, 64), each one of which 
is attached to the corresponding frame with the aid of 
hinge means 24 (preferably of the type involving a ball 
joint so as to be capable of angular adjustment in its po 
sition with reference to the frame by rotation about an 
axis D. (D, D, D.) perpendicular to the axis of rota 
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8 
tion C-C (C-C) of the said fitting. The axes D and 
Ds have the same geometrical support, as do the axes 
D and D4. 
The peripherally consecutive flaps 61 and 63 (62 and 

64) which are hinged to the swivelling frames 51 and 
52 respectively are inter-linked by means of a ball joint 
25 which comprises a pin 26 that is virtually parallel to 
the axes of rotation C1-C and C2-C of the frames 51 
and 52. The flaps 61 and 63 (62 and 64) are therefore 
able to turn in relation to each other about the pin 26. 
The pins 26 relating to the flaps 61 and 63 on the one 
hand, and to the flaps 62 and 64 on the other, have the 
same geometrical support. 
With each group of two consecutive actuated flaps 

61-63 (or 62-64) which are hinged to one or other of 
the two swivelling frames 51 and 52 respectively there 
is associated motor means, such as a jack Wa (W) 
which has a rods (s) attached to the ball joint 25 of 
the said group of flaps. Thus, when, for example, the 
jack Wa is actuated, the two flaps 61 and 63 turn simul 
taneously, each with reference to the frame 51 (52) to 
which it is hinged, moving about axes D and Da respec 
tively. Likewise, when the jack W is actuated, the two 
flaps 62 and 64 turn simultaneously about axes D, and 
D, respectively. 

It is advantageous - though this is not mandatory - 
that the jacks W. and W should be mutually synchro 
nized, and similarly the jacks W3 and W. 
Each of the flaps 61, 62,63, 64 is pivotally attached 

by a hinge pin 28 to one of the ends of an arm 29. The 
other end of this arm is pivotally attached by a hinge 
pin 30 to two parallel link-rods 31, 32. The latter are 
themselves pivotally attached about a pin 33 to a yoke 
34 integral with the swivelling frame 51 (involving the 
flaps 61 and 62) or with the swivelling frame 52 (in 
volving the flaps 63 and 64). The hinge pins 28, 30 and 
33 are perpendicular to the axes of rotation C-C and 
C-C of the swivelling frames 51 and 52. This arrange 
ment relieves the hinge means 24 by facilitating the 
guidance of the flaps and resisting the moments which 
are due to the pressure of gases against the flaps. 
Fluid tightness between successive controlled flaps is 

ensured by four slaved flaps each one of which is com 
posed of an outer plate 35a and an inner plate 35b, 
these plates being inter-connected by hinge means at 
their downstream edge 36. Each slaved flap 35a, 35b is 
fitted at its downstream part with pivot means 37 to 
which two link rods 38, 39 are each pivotally attached 
by one of their ends, These link rods are pivotally at 
tached at their other ends to two adjacent actuated 
flaps, respectively. Each slaved flap therefore under 
goes displacement downstream at the time of the rotat 
ing movement of the two actuated flaps which enframe 
it (see FIG. 14). 
With reference more especially to the two slaved 

flaps arranged between the two actuated flaps 61 and 
63 (or 62 and 64) that both pivot about a hinge pin 26, 
it will be noted that each of them includes, in its up 
stream part, a slot 40 (see FIG. 14) made in the plate 
35a and through which the pin 26 passes. As will be 
readily understood, this arrangement facilitates the 
centering of these two slaved flaps. 
The operation of the nozzle 2 just described will now 

be considered, with due reference to FIGS. 9 to 12, as 
in the preceding case. 
On take-off of the aircraft, the rods of the jacks W. 

and W move out, so causing the two swivelling frames 
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51 and 52 to turn about their respective axes C-C and 
C-C. The rods of the jacks W3 and W4 retract, so that 
the pins 26 with which they are integral are placed in 
a position which is determined by the optimum-section 
conditions for the nozzle. As a consequence of the 
movement of the jacks W. and W2, the four flaps 61, 
62, 63, 64 undergo displacement along with the frames 
51 and 52, turning about the pins 26, which are parallel 
to the axes C-C and C-C, 
The nozzle 2 thus shifts from the configuration shown 

in full lines to the one indicated by broken lines in FIG. 
14, with an exhaust cross-section which is oblong or 
flattened (see FIG. 9), its long side being virtually par 
allel to the horizontal plane of symmetry of the nozzle. 
The jet-flow leaving the nozzle is therefore mechani 
cally "pinched' in a corresponding manner, this 
achieving a reduction in the noise pattern in the hori 
zontal plane of symmetry of the nozzle. 

In this configuration, the upstream edge of the flaps 
is at such a distance from the downstream edge of the 
duct 4 as to define passages through which a flow of 
"tertiary" air F is able to penetrate through the upper 
and lower planes of the nozzle into the flow of secon 
dary air F, so mixing with the latter flow and favoura 
bly modifying its pressure level. 

In the fly-over phase, the rods of the jacks W and W. 
move out. The rods of the jacks W1 and W, retract, so 
that the swivelling frames 51 and 52 are placed in a po 
sition determined by the optimum nozzle-section re 
quirement. As a consequence of the movement of the 
jacks Wa and W, the four flaps 61, 62, 63, 64 undergo 
displacement with reference to the frames 5 and 52, 
turning about axes D1, D2, D3, D, which are perpendic 
ular to the axes of rotation C-C and C-C of the said 
frames. 
The nozzle 2 thus assumes the configuration shown 

in FIG. 10, with an oblong or flattened exhaust cross 
section area the long side of which is virtually parallel 
to the vertical plane of symmetry of the nozzle. The jet 
flow leaving the nozzle is therefore mechanically 
"pinched' in a corresponding manner, this now achiev 
ing a reduction in the noise pattern in the vertical plane 
of symmetry of the nozzle. In this configuration, a flow 
of tertiary air is able to penetrate into the flow of secon 
dary air F by way of passages formed along the side 
planes of the nozzle, between the downstream edge 5 
of the duct 4 and the upstream edge of the flaps. 

In subsonic flight, the four jacks W1, W2, Wa and W. 
are actuated simultaneously in the same direction. The 
nozzle 2 then assumes the configuration shown in FIG. 
11, with a virtually square exhaust cross-section and a 
supply of tertiary air around its entire periphery. 
As in the case of the first embodiment, the four jacks 

could be uncoupled so as to allow the flaps to shift 
about freely and to assume a position which corre 
sponds to the balance of the internal and external pres 
sures on either side of the said flaps. It would also be 
possible to control these jacks in a differential manner 
to obtain a directional effect. 
When flying in the supersonic cruise mode, the rods 

of the four jacks W1, W2, Wa and W are completely re 
tracted. The nozzle 2 then assumes the configuration 
shown in FIG, 12, with an exhaust cross-section which 
is similar in shape to that shown in FIG. 11. The four 
flaps 61, 62, 63, 64 then occupy a position in which 
they form a downstream extension of the duct 4, and 
are aligned with the said duct or otherwise. In this con 
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figuration, the nozzle 2 is no longer supplied with ter 
tiary air. 
As will be seen, the nozzle according to the invention 

achieves a noise-reducing effect, when such is required, 
without it, however, being necessary to have recourse 
to special accessory parts: in fact, the very same flaps 
which simultaneously act to adjust the cross-section of 
the nozzle with a view to producing optimum thrust in 
all the flight phases of the aircraft are employed to give 
the nozzle a configuration which is favourable to the 
selective reduction of the noise from the jet in selected 
directions. 

It is self-evident that the embodiments described are 
merely examples and that it would be possible to mod 
ify them, more especially by replacing them by techni 
cal means which are equivalent, without however de 
parting from the scope of the invention. 
We claim: 
1. A variable-geometry nozzle for a jet engine, com 

prising a fixed structure, at least two swivelling frames 
arranged at the periphery of the nozzle and each of 
which is hinged to said fixed structure for positional an 
gular adjustment with reference to the fixed structure 
by rotation about an axis perpendicular to the longitu 
dinal direction of the nozzle, adjustable flaps con 
nected to said swivelling frames and comprising, in re 
spect of each frame, two actuated flaps each of which 
is itself hinged to the frame for positional angular ad 
justment with reference to the frame by rotation about 
an axis which possesses a component perpendicular to 
the axis of rotation of the frame, and control means for 
adjusting the position of the flaps and which comprise 
motor means operable to turn each of the frames rela 
tively to the said fixed structure. 

2. A nozzle according to claim 1, wherein said swivel 
ling frames are distributed around the periphery of the 
nozzle and are at least four in number. 

3. A nozzle according to claim 2, wherein said frames 
are even in number and are arranged so that the axes 
of rotation of two oppositely situated frames, on either 
side respectively of a longitudinal plane of symmetry of 
the nozzle, are parallel to each other. 

4. A nozzle according to claim 2, wherein said adjust 
able flaps comprise, in respect of each swivelling frame, 
three actuated flaps, namely a middle flap rigidly at 
tached to the frame and two side flaps which enframe 
the middle flap and are hinged to the frame, and each 
side flap hinged to a frame is peripherally adjacent to 
a side flap hinged to the immediately adjacent frame. 

5. A nozzle according to claim 4, wherein said middle 
flap possesses, in section in a plane perpendicular to 
the longitudinal direction of the nozzle, the shape of an 
inverted V. 

6. A nozzle according to claim 2, wherein the axes of 
rotation of two peripherally consecutive swivelling 
frames and the axes of rotation of two peripherally ad 
jacent flaps supported by these frames respectively in 
tersect at one and the same point. 

7. A nozzle according to claim 2, wherein two periph 
erally adjacent flaps hinged respectively to two neigh 
bouring frames are inter-linked at their downstream 
part by hinge means. 

8. A nozzle according to claim 1, wherein said swivel 
ling frames are two only in number and are arranged 
oppositely, on either side of a longitudinal plane of 
symmetry of the nozzle respectively, in such a way that 
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their respective axes of rotation are parallel to each 
other, and the control means for the flaps also comprise 
motor means operative to turn each of the flaps rela 
tively to the frame to which it is hinged. 

9. A nozzle according to claim 8, wherein two periph 
erally consecutive actuated flaps hinged to one or other 
of the said swivelling frames, respectively, are inter 
linked by hinge means in such a way that one can turn 
in relation to the other about an axis which is virtually 
parallel to the respective axes of rotation of the frames. 

10. A nozzle according to claim 9, wherein the motor 
means operative to turn each of the flaps relatively to 
the frame to which it is hinged comprise a motor device 
which is associated with each group of two consecutive 
actuated flaps hinged to one or other of the said swivel 
ling frames respectively, and which has one part at 
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12 
tached to the said hinge means. 

11. A nozzle according to claim 1, wherein the fixed 
structure comprises a duct traversed by a gaseous flow 
and terminating in a downstream edge, and wherein 
said adjustable flaps can, under the action of the said 
control means, take up an open position in which their 
upstream edges come virtually into contact with the 
downstream edge of the duct, the flaps then forming a 
downstream extension of the duct, or a closed position 
in which their upstream edges are at a distance from 
the downstream edge of the duct, in such a way as to 
define a passage through which a flow of atmospheric 
air is able to penetrate said gaseous flow. 

12. A nozzle according to claim 11, wherein the flaps 
when forming a downstream extension of the duct are 
in alignment with the duct. 
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